Abstract-Central serous chorioretinopathy is a retinal disease in which there is a leak of fluid into the subretinal space resulting in mild to moderate loss of visual acuity. Sequences of images from a fluorescein angiography exam are most of the times used for analyzing these leaks. This work presents a diagnostic aid method to detect and characterize the progression of fluid area along the exam, in order to provide a second opinion and increase the focus and the speed of analysis of the ophthalmologists. The method is based on a comparative approach by image subtraction between the late and early frames. The obtained segmentation results are quite promising with an average Dice coefficient of 0.801±0.106 for the training set and 0.774±0.106 for the test set.
I. INTRODUCTION
Many eye diseases come from problems in the retina as it is the part of the eye where the photoreceptors are located. The central serous chorioretinopathy (CSC) is one of these retinal diseases, being one of ten most common retinal diseases of the posterior segment of the eye [1] . In the CSC, there is a serous detachment between the retina and the retinal pigment epithelium (RPE). The RPE nourishes the visual cells and its defects allow fluids to be accumulated in the subretinal space (Fig. 1) . Although cases of acute CSC usually can be solved in a few months and without severe visual problems, recurrent or chronic CSC can lead to permanent loss of visual acuity [2] .
Fluorescein angiography (FA) is a powerful imaging modality to identify the presence, location and size of the CSC leaks. In FA, fluorescein dye is injected intravenously and a photographic camera, equipped with excitation and barrier filters, takes grayscale images of the eye [3] . The leaks and the blood vessels appear bright and the remaining anatomical structures of the retina appear dark. FA shows rapid filling of the subretinal neovascular net and leak points in the early phases of the exam. The dye leak seems to increase along the time because the fluorescein passes through small breaks in the RPE until it slowly reaches the subretinal space. Thus, fully leak is only visible in the late phases of the exam (Fig. 2) .
To the best of our knowledge, there is no method for automatic characterization of CSC leaks in FA images. Despite this, there are other reliable methodologies that have been developed for other retinal diseases with leaks [5] [6] [7] [8] [9] [10] . The methods have some common steps like registration, vessel detection, background intensity modeling, and leak segmentation. In the registration, speeded-up robust features (SURF) [5, 11] , phase-correlation [8] and edge-driven dualbootstrap iterative closest point (ED-DB-ICP) [10, 12] were performed to determine the coefficients of affine [5] , rigid [8, 9] and quadratic [10] transformations. The Dijkstra forest algorithm [5, 13] , infinite perimeter active contour with hybrid region (IPACHR) [7, 14] , Chan-Vese segmentation [6, 15] and matched filters with fuzzy k-means classifier [8] are examples of methodologies for vessel segmentation. For background modeling, local histogram equalization, top-hat filters [5] , gamma functions [9] and Gaussian functions [8] were used. And finally, the segmentation of leaks was performed using Chan-Vese [5, 15] , Gaussian mixture models (GMM) [8, 16] , random walks algorithm [10, 17] , supervised AdaBoost [10, 18] and unsupervized C-means methodologies [9] .
As spatially large and temporarily persistent leaks tend to damage photoreceptors, the analysis of FA sequences is essential. Usually the ophthalmologists select three frames (early, mid and late phases) to qualitatively evaluate the dye but important temporal and dimensional information can be lost. Therefore, in order to better diagnose CSC and minimize the time ophthalmologists spend analyzing FA images, we propose a comparative method based on the subtraction of images of the late and early frames.
II. MATERIALS
The training set and the test set have, respectively, seven and three private fluorescein angiographic sequences from different patients. The images were acquired with a SPECTRALIS R scanning laser angiographic system, manufactured by Heidelberg Engineering. The number of images in each sequence (between 10 and 30), the acquisition moments (approximately between 30 s and 10 min), the resolution (768 × 741 or 1536 × 1482) pixels and the number of leaks in each sequence are variable.
III. METHODS
A comparative approach with image subtraction was chosen to quantitatively assess CSC leaks because the area of leaks grows throughout the examination and this temporal information can be useful. Furthermore, the dataset was small, making it difficult to generalize well through classifiers. The steps of the method are time detection, image registration, vessel segmentation, candidate selection in early frames, vessel inpainting, optic disc detection, intensity normalization, background and optic disc removal, image subtraction and leak segmentation. The main challenges to characterize the leak are due to the difference in luminosity between images of the angiography sequence, the similarity of pixel intensities of the leaks and the vessels, and the late staining of the optic disc. Fig. 3 shows the results of some steps of the method.
• Time detection: The acquisition moment of each frame is important to analyze the increase of the dye leak.
The time always appears in the same position, in the image footer (Fig. 2) , so it can be easily extracted, being recognized using optical character recognition (OCR) techniques [19] . In addition, the video frames are automatically cropped to exclude irrelevant data (as the date, the magnification scale and producer) and resized to 768 × 741.
• Image registration: As this method is based on the subtraction of images, the anatomical points need to be in the same position over time. The first image of the sequence serves as reference image for the remaining ones. The detection and matching of corresponding points in the images are achieved using SURF [11] and sum of squared differences (SSD), respectively, and afterwards a projective transformation is applied (Fig.  3 (b) ). The projective transformation was empirically validated as the one that provides better results for this type of images.
• Vessel segmentation: The segmentation of blood vessels in the first image [20] gives rise to a vessel mask that represents the vascular network.
• Candidate selection in early frames: Tiny leaks that increase throughout the exam may appear in the first images of the sequence and the segmented vessels may include these regions because both have similar pixel intensities. Therefore, this step was introduced to find these leaks and discard them in the mask of blood vessels. The leaks appear to have a circular shape in the first images of the angiographic sequence, so the sliding band filter (SBF) [21] , a blob detection method, was used to detect the potential leaks.
• Vessel inpainting: This step allows the replacement of vessel mask pixels by neighboring values in all images of the sequence (Fig. 3 (d) ). In order to minimize minor distortions, the mask of the blood vessels is previously dilated through a disk-shaped structuring element with small radius. Then, the regions of the image with highest intensities are mostly the leaks. In cases where a leakage overlaps a region of the blood vessels, after inpainting, this region keeps the highest intensities.
• Optic disc detection: Since the optic disc may have late staining, it needs to be clearly detected and distinguished from a leak occurrence. The optic disc is detected based on four conditions: firstly, as a region next to the left/right image border that holds up to 1/6 of the width of the image and a 3/10 of the height of the image; secondly, because it is a region with great concentration of blood vessels; thirdly, it is a region where the mean slope of the vessels is close to 0 • ; and finally, it is a region darker than the background in the early images of the sequence (Fig. 3 (d) ).
• Intensity normalization: It allows to uniform background differences of luminosity along the exam. The normalization process uses well-distributed and wellmatched points from the first image and remaining images of the sequence to fit a second-degree polynomial surface to the background intensities.
• Background and optic disc removal: In all images, the background is removed with morphological filtering (top-hat) and then, the region containing the optic disc is replaced by black pixels (Fig. 3 (e) ); • Image subtraction between the mean of late and the mean of early frames (Fig. 3 (e) ).
• Leak segmentation: If the sequence contains leaks, the histogram of the image that results from the subtraction of the mean of late and the mean of early frames is bimodal. The first mode corresponds to background pixel intensities and noise, while the second corresponds to leak pixel values. With the Otsu method [22] , it is possible to get the regions that correspond to the leaks. In cases where the sequences do not present leaks, the histogram is not bimodal. To take this situation, criteria are imposed to discard regions when a minimum area or an average intensity of the region is not reached. As the mean of the late frames is performed, the region after Otsu does not fully correspond to the leak, so region growing is used for segmenting the total area corresponding to the leak in the last image of the sequence. The region growing criteria allow the inclusion of pixels with intensity greater or equal to the segmented region after Otsu and those which do not considerably change the mean intensity of the region. The contour of the leak in the remaining images of the sequence is obtained through an active contours algorithm, using the contour of the leak in an immediately later frame as the starting contour in a current frame (Fig. 3 (f) ). So, the active contour algorithm is run in the reversed direction of the sequence, going from the later frames to the earlier ones, allowing segmenting successively smaller areas. 
IV. RESULTS
To evaluate the performance of the automatic segmentation of the CSC leaks, the results of the algorithm were compared with manual annotations. In the training set, there were 2 out of 7 sequences that had no leak. The test set consisted of 3 image sequences that were provided at a later stage and all of them contained leaks. The Dice similarity coefficient (DSC), the sensitivity (SN) and the precision (P) were used for evaluating the algorithm (Table 1) . The algorithm was able to deal with most of the problems that can compromise the segmentation performance. However, since the standard deviations for the different performance metrics are high, this means that the segmentations errors widely vary throughout the sequence.
For the training set, the performance of the algorithm is good and the automatically obtained leak contours are similar to the manual markings (Fig. 4 (a) and (b) ). The segmentations with small DSC are those in which the leaks present minor dimensions and have a very low contrast with the background. In these cases, the active contour algorithm does not always adapt to the desired shape. For sequences without leaks, the algorithm worked perfectly, as it did not detect any leaks.
The images of the test set ( Fig. 4 (c) and (d)) are slightly different from those found in the training set because there are leaks with different mean intensities and the leaks are blurred due to luminosity effects, making it harder to detect leaks just with the Otsu method. Furthermore, the regions, after the growing step, tend to be smaller than expected. On the other hand, due to the large time jumps between image acquisitions, the decrease in region size is sometimes very high. The active contours algorithm does not fully adapt to the size decrease. The segmentation proposed by the algorithm is in most cases totally contained in the ground truth segmentation and high precision values are found. However, the DSC and SN only slightly decreased when compared to the training set. 5 shows the evolution of some segmented leak areas (a) and their mean intensity (b) along the FA examination. The size of the segmented regions throughout the sequence (Fig. 5 (a) ) allows to take some conclusions. Firstly, they help to know if a leak is an early occurrence and remains with similar dimensions (like in F sequence), or if it is a late occurrence and grows a lot (like in B sequence). Secondly, when it is found that the leak area does not increase over time, then fluorescein has already fully penetrated the region where the detachment occurred and it is possible to predict the size of the detachment which is related to the severity of the disease. On the other hand, as the intensity of the leaks is expected to increase gradually over time before the fluorescence loss, the characterization of the mean intensity of the leak regions (Fig. 5 (b) is important to identify if an acquisition moment happened at a time of loss of fluorescence or if there are problems with the luminosity. 
V. CONCLUSION
In the literature, solutions for the characterization of retinal leaks are still very scarce. This work is therefore a nice solution since the developed methodology proved to be able to produce good results while dealing with the most common challenges associated with the presence of leaks in FA images. However, the dataset was small and we expect, as future work, to acquire more data, with the corresponding manual annotations. We also intend to improve the segmentation method to make it less sensitive to image luminosity.
